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(57) A longitudinally coupled resonator type surface 
acoustic wave filter (200) having a balance-unbalance 
conversion function achieves improved amplitude bal- 
ance and phase balance. The surface acoustic wave fil- 
ter includes first, second and third IDTs (201-3). The 



second IDT (202) is positioned in the center of the three 
IDTs and has an even number of electrode fingers. The 
polarity of the electrode finger (20 1 a) of the first IDT ad- 
jacent to the second IDT (202) is opposite to the polarity 
of the electrode finger (203a) of the third IDT adjacent 
to the second IDT 
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Description 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

[0001] The present invention relates to longitudinally 
coupled resonator type surface acoustic wave filters. 
More particularly, the present invention relates to longi- 
tudinally coupled resonator type surface acoustic wave 
filters having balance-unbalance conversion functions. 

2. Description of the Related Art 

[0002] Recently, the sizes and weights of mobile 
phones have been greatly reduced. With such a trend, 
the numbers and sizes of components used in mobile 
phones have also been reduced while making such 
components more and more multifunctional. 
[0003] With the above-described considerations, var- 
ious kinds of mobile phones have been provided. In 
these mobile phones, surface acoustic wave filters are 
incorporated in the RF stages of the phones to have bal- 
ance-unbalance conversion functions, or so-called bal- 
un functions. 

[0004] Fig. 22 is a schematic plan view for illustrating 
the electrode structure of a conventional surface acous- 
tic wave fitter having a balance-unbalance conversion 
function. 

[0005] In this filter, first, second and third IDTs 101, 
102 and 103 are arranged in a surface acoustic wave 
propagating direction. Reflectors 104 and 105 are ar- 
ranged on respective sides of the IDTs 101,1 02 and 1 03 
in the surface acoustic wave propagating direction. 
When a wavelength determined by the electrode finger 
pitch of each of the IDTs 101 , 102 and 103 is XI, both a 
distance between the centers of the mutually adjacent 
electrode fingers of the IDTs 1 01 and 1 02 and a distance 
between the centers of the mutually adjacent electrode 
fingers of the IDTs 1 02 and 1 03 are 0.75 XI. The widths 
of the electrode fingers 1 09 and 11 0 at the ends of the 
IDT 102 are increased to reduce spaces between the 
IDTs. As a result, loss due to the irradiation of a bulk 
wave can be reduced. In Fig. 22, terminals 1 06 and 1 07 
are balanced signal terminals, and a terminal 1 08 is an 
unbalanced signal terminal. 

[0006] In such a surface acoustic wave filter having 
the balance-unbalance conversion function, regarding 
propagation characteristics in a pass band between the 
unbalanced signal terminal 1 08 and the balanced signal 
terminal 1 06 and between the unbalanced signal termi- 
nal 1 08 and the balanced terminal 1 07, amplitude char- 
acteristics need to be equal and propagating signals 
need to be 1 80° out of phase with respect to each other. 
The condition in which the amplitude characteristics are 
equal is referredto as amplitude balance and the degree 
at which the propagating signals are 1 80° out of phase 
with respect to each other is referred to as phase bal- 



ance. 

[0007] The amplitude balance and the phase balance 
are defined as follows when the surface acoustic wave 
filter having the balance-unbalance conversion function 
5 is regarded as a device having three ports, such as the 
unbalanced input terminal as port 1 and the balanced 
output terminals as ports 2 and 3. 
Amplitude balance = 1AI. 

A = I20log S21 1 - I20log S31I. 
10 Phase balance = IB - 1 80I . 

B = IZS21 - ZS31I. 
[0008] In this definition, S21 denotes a transfer factor 
from the port 1 to the port 2 and S31 denotes a transfer 
factor from the port 1 to the port 3. 
15 [0009] Ideally, in the pass band of the filter, the ampli- 
tude balance needs to be 0 dB and the phase balance 
needs to be 0°. However, with the use of the structure 
shown in Fig. 22, when intending to obtain a filter having 
a balance-unbalance conversion function, since the IDT 
102 has an odd number of electrode fingers, the number 
of electrode fingers connected to the balanced signal 
terminal 1 06 increases by one more than the number of 
electrode fingers connected to the balanced signal ter- 
minal 1 07. As a result, there is a problem in that the de- 
gree of balance is deteriorated. The higher the central 
frequency of the filter is, the more noticeable the dete- 
rioration. Thus, like DCS filters and PCS filters, in a filter 
having a central frequency near 1 .9 GHz, sufficient bal- 
ance cannot be obtained. 

SUMMARY OF THE INVENTION 

[0010] In order to overcome the problems described 
above, preferred embodiments of the present invention 
provide a longitudinally coupled resonator type surface 
acoustic wave filter having a balance-unbalance con- 
version function, in which the amplitude balance and the 
phase balance are greatly improved. In addition, pre- 
ferred embodiments of the present invention provide a 
communications apparatus including such a novel lon- 
gitudinally coupled resonator type surface acoustic 
wave filter. 

[0011] According to a preferred embodiment of the 
present invention, a longitudinally coupled resonator 
type surface acoustic wave filter having a balance-un- 
balance conversion function includes a piezoelectric 
substrate, first, second and third IDTs arranged on the 
piezoelectric substrate in a surface acoustic wave prop- 
agating direction, the second IDT being positioned be- 
tween the first and third IDTs and having an even 
number of electrode fingers. 

[0012] According to another preferred embodiment of 
the present invention, a longitudinally coupled resonator 
type surface acoustic wave filter having a balance-un- 
balance conversion function includes first-stage and 
second-stage longitudinally coupled resonator surface 
acoustic wave filters longitudinally coupled to each oth- 
er, each of the first-stage and second-stage filters hav- 
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ing a piezoelectric substrate and first, second and third 
IDTs arranged on the piezoelectric substrate in a surface 
acoustic wave propagating direction, an unbalanced 
signal terminal connected to one end of the second IDT 
of the first-stage longitudinally coupled resonator sur- 
face acoustic wave filter, a first balanced signal terminal 
connected to one end of the second IDT of the second- 
stage longitudinally coupled resonator surface acoustic 
wave fitter, a second balanced signal terminal connect- 
ed to the other end of the second IDT of the second- 
stage filter, a first signal line connecting one end of the 
first IDT of the first-stage longitudinally coupled resona- 
tor surface acoustic wave filter and one end of the first 
IDT of the second-stage longitudinally coupled resona- 
tor surface acoustic wave filter, and a second signal line 
connecting one end of the third IDT of the first-stage lon- 
gitudinally coupled resonator surface acoustic wave fil- 
ter and one end of the third IDT of the second-stage lon- 
gitudinally coupled resonator surface acoustic wave fil- 
ter. In this filter, an electric signal propagating through 
the first signal line is 180° out of phase with an electric 
signal propagating through the second signal line. 
[0013] In the filter according to this preferred embod- 
iment of the present invention, the second IDT of at least 
one of the first-stage filter and the second-stage filter 
may have an even number of electrode fingers. 
[0014] According to a yet further preferred embodi- 
ment of the present invention, a communications appa- 
ratus including the longitudinally coupled resonatortype 
surface acoustic wave filter according to the above-de- 
scribed preferred embodiment of the present invention. 
[0015] The above and other elements, characteris- 
tics, features, and advantages of the present invention 
will be clear from the following detailed description of 
preferred embodiments of the present invention in con- 
junction with the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] 

Fig. 1 shows a schematic plan view for illustrating 
a longitudinally coupled resonator type surface 
acoustic wave filter according to a first preferred 
embodiment of the present invention; 
Fig. 2 shows a schematic plan view for illustrating 
the electrode structure of a longitudinally coupled 
resonatortype surface acoustic wave filter present- 
ed to aid understanding of the first preferred em- 
bodiment of the present invention; 
Fig. 3 shows a schematic plan view of a longitudi- 
nally coupled resonator type surface acoustic wave 
filter used as another aid to understanding of the 
first preferred embodiment of the present invention; 
Fig. 4 shows a graph illustrating the relationship be- 
tween amplitude balance and frequency character- 
istics of each of the first preferred embodiment of 
the present invention and a conventional device 



based on that illustrated in Fig.22; 
Fig. 5 shows a graph illustrating the relationship be- 
tween phase balance and frequency characteristics 
of each of the first preferred embodiment of the 

5 present invention and the conventional device 

based on that illustrated in Fig.22; 
Fig. 6 shows a schematic plan view for illustrating 
a longitudinally coupled resonator type surface 
.acoustic wave filter as a first modified example of 

10 the first preferred embodiment of the present inven- 
tion; 

Fig. 7 shows a schematic plan view for illustrating 
a longitudinally coupled resonator type surface 
acoustic wave filter as a second modified example 
is of the first preferred embodiment of the present in- 
vention; 

Fig. 8 shows a schematic plan view for illustrating 
a longitudinally coupled resonator type surface 
acoustic wave filter as a third modified example of 
20 the first preferred embodiment of the present inven- 
tion; 

Fig. 9 shows a schematic plan view for illustrating 
a longitudinally coupled resonator type surface 
acoustic wave filter as a fourth modified example of 
25 the first preferred embodiment of the present inven- 
tion; 

Fig. 1 0 shows a schematic plan view for illustrating 
a longitudinally coupled resonator type surface 
acoustic wave filter as a fifth modified example of 
30 the first preferred embodiment of the present inven- 
tion; 

Fig. 11 shows a schematic plan view for illustrating 
a longitudinally coupled resonator type surface 
acoustic wave filter according to a second preferred 
35 embodiment of the present invention; 

Fig. 12 shows a schematic plan view for illustrating 
a surface acoustic wave filter as a modified example 
of the second preferred embodiment of the present 
invention; 

40 Fig. 13 shows a graph illustrating the relationship 
between amplitude balance and frequency charac- 
teristics of each of the second preferred embodi- 
ment and a conventional device illustrated in Fig . 
15; 

45 Fig. 14 shows a graph illustrating the relationship 

between phase balance and frequency character- 
istics of each of the second preferred embodiment 
and the conventional device of Fig .15; 
Fig. 15 shows a schematic plan view for illustrating 

50 the conventional filter prepared for a comparison 
with the second preferred embodiment of the 
present invention; 

Fig. 1 6 shows a schematic plan view for illustrating 
another modified example of the second preferred 
55 embodiment of the present invention; 

Fig. 17 shows a schematic plan view for illustrating 
a longitudinally coupled resonator type surface 
acoustic wave filter according to a third preferred 
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embodiment of the present invention; 
Fig. 18 shows a graph illustrating the relationship 
between amplitude balance and frequency charac- 
teristics of each of the third preferred embodiment 
of the present invention and the conventional de- 
vice of Fig. 15; 

Fig. 19 shows a graph illustrating the relationship 
between phase balance and frequency character- 
istics of each of the third preferred embodiment of 
the present invention and the conventional device 
of Fig.15; 

Fig. 20 shows a schematic plan view for illustrating 
a longitudinally coupled resonator type surface 
acoustic wave filter according to a fourth preferred 
embodiment of the present invention; 
Fig. 21 shows a schematic block diagram for illus- 
trating a communications apparatus as an example 
of an apparatus including the longitudinally coupled 
resonator type surface acoustic wave filter accord- 
ing to preferred embodiments of the present inven- 
tion; 

Fig. 22 shows a schematic plan view for illustrating 
a conventional longitudinally coupled resonator 
type surface acoustic wave filter. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0017] With reference to the drawings, the present in- 
vention will be clarified by describing preferred embod- 
iments of a longitudinally coupled resonator type sur- 
face acoustic wave filter according to the present inven- 
tion. 

[0018] Fig. 1 shows a schematic plan view for illus- 
trating a longitudinally coupled resonator type surface 
acoustic wave filter 200, preferably for use as a PCS 
reception filter, according to a first preferred embodi- 
ment of the present invention. In the longitudinally cou- 
pled resonator type surface acoustic wave filter 200, 
there is provided an electrode structure shown in Fig. 1 
on a piezoelectric substrate 200A. A 40 ± 5° Y-cut X- 
propagation LiTa0 3 substrate is preferably used as the 
piezoelectric substrate 200 A. 

[0019] On the piezoelectric substrate, first, second 
and third IDTs 201 , 202 and 203 are arranged in a sur- 
face acoustic wave propagating direction. Reflectors 
204 and 205 are arranged in the surface wave propa- 
gating direction on the right and left of the region where 
the IDTs 201 , 202 and 203 are arranged. The IDTs 201 , 
202 and 203 and the reflectors 204 and 205 are prefer- 
ably made of Al. 

[0020] In other words, the longitudinally coupled res- 
onator type surface acoustic wave filter 200 is a longi- 
tudinally coupled resonator type surface acoustic wave 
filter having three IDTs. 

[0021] In Fig. 1 , in orderto simplify the illustration, the 
number of electrodes shown in the figure is less than 
the number of electrodes to be actually included in the 



device. 

[0022] One end of each of the IDTs 201 and 203 is 
connected to an unbalanced signal terminal 212. One 
end of the IDT 202 is connected to a balanced signal 
5 terminal 210, and the other end thereof is connected to 
a balanced signal terminal 211 . 

[0023] The detailed design of an example of the 
present preferred embodiment of the longitudinally cou- 
pled resonator type surface acoustic wave filter 200 will 
10 be presented below. 

Electrode finger cross width W = 78.8 XI. 

The number of the electrode fingers of each of IDTs 201 

and 203 = 24. 

The number of the electrode fingers of IDT 202 = 40. 
15 IDT wavelength XI = 2.03 |xm. 

The wavelength XR of each of reflectors 204 and 205 = 
2.05 urn. 

The number of the electrode fingers of each of the re- 
flectors 204 and 205 = 100. 
2Q IDT Gap = 0.77 XI. 

[0024] In this case, the gap between the IDTs is pref- 
erably substantially equivalent to a distance between 
the centers of the mutually adjacent electrode fingers of 
the IDTs. 

25 [0025] IDT-reflector gap = 0.55 XR. The gap between 
an IDT and a reflector is preferably substantially equiv- 
alent to a distance between the centers of the mutually 
adjacent electrode fingers of the IDT and the reflector. 
IDT Duty Ratio = 0.60. 

30 Reflector Duty Ratio = 0.60. 

Electrode-film thickness = 0.08 XI. 
[0026] In addition, as shown in Fig. 1 , the widths of 
the electrode fingers 206 and 207 at each side of the 
IDT 202 are preferably broader than those of the remain- 

35 ing electrode fingers. With this arrangement, the space 
in the gap between the IDTs is reduced. 
[0027] With regard to the characteristics of the first 
preferred embodiment of the present invention, the total 
number of the electrode fingers of the IDT 202 arranged 

40 in the center is preferably an even number and an elec- 
trode finger201 a of the IDT 201 adjacenttothe IDT 202 
is arranged to define a signal electrode, whereas an 
electrode finger 203a of the IDT 203 adjacent to the IDT 
202 on the other side is arranged to define a ground 

45 electrode. As shown here, of the electrode fingers of the 
left IDT 201 and the right IDT 203, the electrode fingers 
201 a and 203a adjacent to the central second IDT 202 
have opposite polarities. The reason for this will be de- 
scribed below with reference to Figs. 2 and 3. 

50 [0028] Consider how the conventional filter 1 00 of Fig. 
22 could be modified so that the central IDT would have 
an even number of electrode fingers. In the conventional 
. longitudinally coupled resonator type surface acoustic 
wave filter 100 shown in Fig. 22, when one of the elec- 

55 trode fingers of the central IDT 102 is removed, as 
shown in Fig. 2, the number of the electrode fingers of 
the central IDT 102A is an even number. On the other 
hand, since a distance A between the IDT 1 02A and the 
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IDT 103 is increased by about 0.5 \\, loss due to the 
irradiation of a bulk wave is increased. 
[0029] Thus, as shown in Fig. 3, there can be consid- 
ered a structure in which the third IDT 103 is shifted by 
about 0.5 XI toward the I DT 1 02A. However, in the struc- 
ture shown in Fig. 3, the IDT 101 and the IDT 103 are 
180° out of phase with each other. 
[0030] Therefore, in this preferred embodiment of the 
present invention, as shown in Fig. 1 , by having the IDT 
201 reversedfromthelDT203,thelDT201 and the IDT 
203 are in phase with each other. 
[0031] Fig. 4 shows a graph illustrating the relation- 
ship between amplitude balance and frequencies in the 
longitudinally coupled resonator type surface acoustic 
wave filter according to the first preferred embodiment 
of the present invention. Fig. 5 shows a graph illustrating 
the relationship between phase balance and frequen- 
cies in the same filter. In Figs. 4 and 5, solid lines show 
the results of the first preferred embodiment of the 
present invention. In addition, for comparison, in Figs. 
4 and 5, broken lines show the characteristics of the con- 
ventional filter shown in Fig. 22. 

[0032] In this case, the conventional filter has the 
same detailed design as that of the first preferred em- 
bodiment, except that one of the electrode fingers of the 
central IDT in the conventional filter is removed. 
[0033] A pass-band frequency range used in the PCS 
reception filter is between about 1930 MHz to about 
1990 MHz. As seen in Fig. 4, in this frequency band 
range, the maximum amplitude balance is 3.2 dB in the 
conventional filter, whereas it is about 2.7 dB in the first 
preferred embodiment of the present invention. That is, 
the amplitude balance is improved by about 0.5 dB in 
this preferred embodiment of the present invention. 
Moreover, as shown in Fig. 5, whereas the maximum 
phase balance in the conventional filter is 21 °, the max- 
imum phase balance in the first preferred embodiment 
of the present invention is about 1 7°. That is, obviously, 
the phase balance is improved by about 4° in this pre- 
ferred embodiment of the present invention. 
[0034] As mentioned above, in this preferred embod- 
iment of the present invention, the total number of the 
electrode fingers of the central (second) IDT 202 is an 
even number and the polarity of the electrode finger of 
the first IDT 201 adjacent to the central second IDT 202 
is reversed from the polarity of the electrode finger of 
the third IDT 203 adjacentto the IDT 202. Thus, as com- 
pared with the conventional filter, obviously, the first pre- 
ferred embodiment of the present invention provides a 
longitudinally coupled resonator type surface acoustic 
wave filter having a balance-unbalance conversion 
function, in which the amplitude balance and the phase 
balance are both greatly improved. 
[0035] This preferred embodiment preferably uses a 
40 ± 5° Y-cut X-propagation LiTa0 3 substrate. However, 
the substrate used in the present invention is not restrict- 
ed to the LiTa0 3 substrate. Any other piezoelectric sub- 
strate may be used such as a 64 to 72° Y-cut X-propa- 



gation LilMb0 3 substrate or a 41° Y-cut X-propagation 
LiNb0 3 substrate, for example. Other suitable sub- 
strates may also be used. 

[0036] In addition, in the first preferred embodiment 
5 of the present invention, a balanced signal is obtained 
from the centra! second IDT. However, as shown in Fig. 
6, the balanced signal may be obtained from each of the 
first IDT 201 and the third IDT 203 on each side of the 
central IDT 202. in Fig. 6, terminals 213 and 214 are" 
10 balanced signal terminals connected to the first and third 
IDTs 201 and 203, respectively, and a terminal 21 5 is an 
unbalanced signal terminal connected to the central 
second IDT 202. 

[0037] Fig. 7 shows a schematic plan view for illus- 
ts trating the electrode structure of another modified ex- 
ample of the first preferred embodiment of the present 
invention. As shown in Fig. 7, a surface acoustic wave 
resonator 216 may be connected between the first and 
third IDTs 201 and 203 and a terminal 212. 

20 [0038] Fig. 8 shows a schematic plan view for illus- 
trating the electrode structure of another modified ex- 
ample of the first preferred embodiment of the present 
invention. In a longitudinally coupled resonator type sur- 
face acoustic wave filter 21 7 shown in Fig. 8, two longi- 

25 tudinally coupled resonator type surface acoustic wave 
filters 200 according to the first preferred embodiment 
are longitudinally connected in a two-stage structure. 
[0039] In addition, Fig. 9 shows a schematic plan view 
for illustrating a longitudinally coupled resonator type 

30 surface acoustic wave filter as another modified exam- 
pie of the first preferred embodiment of the present in- 
vention. In Fig. 9, the longitudinally coupled resonator 
type surface acoustic wave filter 200 of the first preferred 
embodiment is longitudinally connected to a 3-IDT-type 

35 longitudinally coupled resonator type surface acoustic 
wave filter 219 including a central IDT 218 having an 
odd number of electrode fingers. In other words, in the 
multi-stage longitudinally coupled resonator type sur- 
face acoustic wave filters, even when at least only one 

40 stage of the filter is defined by the longitudinally coupled 
resonator type surface acoustic wave filter 200 of the 
first preferred embodiment, greatly improved amplitude 
and phase balances are achieved as in the first pre- 
ferred embodiment. 

45 [0040] Fig. 10 shows a schematic plan view for illus- 
trating the electrode structure of another modified ex- 
ample of the longitudinally coupled resonator type sur- 
face acoustic wave filter of the first preferred embodi- 
ment. In a longitudinally coupled resonator type surface 

50 acoustic wave filter 220 shown in Fig. 10, narrow pitch 
electrode finger sections N1 to N4 are disposed in first, 
second and third IDTs 221 , 222 and 223. Specifically, in 
the IDT 221 , the narrow pitch electrode finger section 
N1 , is arranged such that the electrode finger pitches of 

55 some portions at the end portion of the IDT 222 are nar- 
rowerthan the electrode finger pitches of the remaining 
portions of the IDT 221 . Similarly, at each end portion of 
the IDT 222. the narrow pitch electrode finger sections 
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N2 and N3 are provided. In addition, in the IDT 223, at 
the end adjacent to the IDT 222, the narrow pitch elec- 
trode finger section N4 is provided. As shown here, in 
the regions where the IDTs are adjacent to each other, 
even when disposing the narrow pitch electrode finger 
sections having relatively narrow electrode finger pitch- 
es, by arranging the remaining portions like the first pre- 
ferred embodiment, greatly improved amplitude and 
phase balances are achieved. 

• [0041] Fig. 11 shows a schematic plan view for illus- 
trating the electrode structure of a longitudinally coupled 
resonator type surface acoustic wave filter according to 
a second preferred embodiment of the present inven- 
tion. 

[0042] The second preferred embodiment of the 
present invention relates to an AMPS reception filter. 
[0043] Similar to the first preferred embodiment, the 
electrode structure shown in Fig. 1 1 is preferably formed 
on a 40 ± 5° Y-cut X-propagation LiTa0 3 substrate to 
constitute a longitudinally coupled resonator type sur- 
face acoustic wave filter 300 of the second preferred 
embodiment of the present invention. 
[0044] In the longitudinally coupled resonator type 
surface acoustic wave filter 300, a first longitudinally 
coupled resonator type surface acoustic wave filter 301 
and a second longitudinally coupled resonator type sur- 
face acoustic wave filter 302 are longitudinally connect- 
ed to each other. The first and second longitudinally cou- 
pled resonator type surface acoustic wave filters 301 
and 302 preferably have the same structure. 
[0045] Similar to the first preferred embodiment, the 
first-stage longitudinally coupled resonator type surface 
acoustic wave filter 301 includes first, second and third 
IDTs 303, 304 and 305 arranged in a surface acoustic 
wave propagating direction and reflectors 306 and 307, 
and the second-stage longitudinally coupled resonator 
type surface acoustic wave filter 302 includes first, sec- 
ond and third IDTs 308, 309 and 310 in the surface 
acoustic wave propagating direction and reflectors 311 
and 312. The reflectors 306, 307, 311, and 312 are dis- 
posed on the right and left sides of the regions where 
the IDTs of the filters 301 and 302 are arranged. One 
end of each of the first and third IDTs 303 and 305 of the 
first longitudinally coupled resonator type surface 
acoustic wave filter 301 is connected to one end of each 
of the first and third IDTs 308 and 310 of the second 
longitudinally coupled resonator type surface acoustic 
wave filter 302 via first and second signal lines 31 6 and 
31 7. One end of the IDT 304 is connected to a terminal 
313. One end of the IDT 309 is connected to a terminal 
31 4 and the other end thereof is connected to a terminal 
315. The remaining ends of the IDTs 303, 304 and 305 
and 308, 309 and 310 are connected to ground poten- 
tials. 

[0046] The terminals 314 and 31 5 are balanced signal 
terminals. The terminal 313 is an unbalanced signal ter- 
minal. The detailed design of an example of the filter 
300 will be presented below. 



Electrode finger cross width W = 49. 0 XI 

The number of the electrode fingers of first IDTs 303 

and 308 = 24. 

The number of the electrode fingers of second IDTs 
5 304 and 309 = 34. 

The number of the electrode fingers of third IDTs 

305 and 310 = 25. 
. IDT wavelength X\ = 4.49 urn. 

Reflector wavelength XR = 4.64 u.m. 
10 The number of reflector electrode fingers = 120. 

IDT gap = 0.79 XI 

IDT-ref lector gap = 0.47 XH. 

IDT duty ratio = 0.73. 

Reflector duty ratio = 0.55. 
15 Electrode film thickness = 0.08 X\. 

[0047] In this preferred embodiment of the present in- 
vention, the widths of the electrode fingers 304a, 304b, 
309a, and 309b at each end of the central (second) IDTs 
20 304 and 309 are broadened to reduce spaces between 
the adjacent IDTs. 

[0048] In this preferred embodiment, the number of 
the electrode fingers of each of the IDTs 304 and 309 is 
preferably an even number as in the case of the first 
25 preferred embodiment. In addition, the electrode fingers 
303a and 305a of the IDTs 303 and 305 adjacent to the 
IDT 304 and the electrode fingers 308a and 31 0a of the 
IDTs 308 and 310 adjacentto the IDT 309 are arranged 
to define ground electrodes. 
30 [0049] In the first longitudinally coupled resonator 
type surface acoustic wave filter 301 , the IDTs 303 and 
305 are 1 80° out of phase with the IDT 304. Thus, when 
the IDTs 303 and 305 are connected in parallel to make 
the single stage filter, it is impossible to obtain filter char- 
ts acteristics. However, simultaneously, in the second lon- 
gitudinally coupled resonator type surface acoustic 
wave filter 302, the IDTs 308 and 310 are also 180° out 
of phase with the IDT 309. As a result, since surface 
waves propagating from the IDTs 308 and 310 to the 
40 IDT 309 are in phase with each other, filter characteris- 
tics can be obtained by connecting the first and second 
longitudinally coupled resonator type surface acoustic 
wave filters 301 and 302. In other words, an electric sig- 
nal propagating through a first signal line 316 is 180° 
45 out of phase with an electric signal propagating through 
a second signal line 31 7. 

[0050] Fig. 13 shows the relationship between ampli- 
tude balance and frequencies in the second preferred 
embodiment of the present invention. Fig. 14 shows the 

so relationship between phase balance and frequencies. 
In Figs. 13 and 14, solid lines indicate the results of the 
second preferred embodiment and broken lines indicate 
the results of a conventional device shown in Fig. 15, 
which is prepared for comparison. 

55 [0051] In the conventional longitudinally coupled res- 
onator type surface acoustic wave filter 401 shown in 
Fig. 15, the numbers of the electrode fingers of first, sec- 
ond and third IDTs 402, 403 and 404 are preferably the 
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same as those of the second preferred embodiment, ex- 
cept that the number of the electrode fingers of the first 
IDT is preferably 24, the number of the electrode fingers 
of the second IDT is preferably 35, and the number of 
the electrode fingers of the third IDT is preferably 24. 
[0052] A pass-band frequency range in the AMPS re- 
ception filter is between approximately 860 MHz and ap- 
proximately 894 MHz. 

[0053] In this frequency range, the maximum ampli- 
tude balance is 1 .9 dB in the conventional filter, whereas 
it is about 0.9 dB in the second preferred embodiment 
of the present invention. Thus, obviously, the amplitude 
balance is improved by about 1 .0 dB in the second pre- 
ferred embodiment. 

[0054] In addition, whereas the maximum phase bal- 
ance is 17° in the conventional filter, it is about 8° in the 
second preferred embodiment. The phase balance is 
improved by about 9° in the second preferred embodi- 
ment of the present invention. 

[0055] As mentioned above, the reason that the am- 
plitude and phase balances are improved is as follows. 
The second IDT has an even number of electrode fin- 
gers and the electric signal propagating through the first 
signal line 31 6 is 1 80° out of phase with the electric sig- 
nal propagating through the second signal line 317. As 
a result, the electrode fingers of the first and third IDTs 
adjacent to the central second IDT can be both arranged 
to define ground electrodes, and a distance B (see Fig. 
1 1 ) between the electrode finger 309a connected to the 
terminal 315 and the electrode signal finger 308b of the 
IDT 308 is substantially equal to a distance C (see Fig. 
11) between the electrode finger 309b connected to the 
terminal 31 4 and the signal electrode finger 31 0b of the 
IDT 310. In contrast, in the conventional device shown 
in Fig. 15, distances D and E between electrode fingers, 
specified in the figure, between the adjacent IDTs in the 
second longitudinally coupled resonator type surface 
acoustic wave filter are differentiated by about 0.5 XI. 
[0056] In the second preferred embodiment, the elec- 
trode fingers of the left (first) IDT and the right (third) IDT 
adjacent to the second IDT are ground electrodes. How- 
ever, even when these electrode fingers constitute sig- 
nal electrodes, the same advantages can be obtained. 
[0057] As mentioned above, in the second preferred 
embodiment, the first and second longitudinally coupled 
resonator type surface acoustic wave filters 301 and 302 
including the second IDTs having the even number of 
electrode fingers are longitudinally connected in a two- 
stage structure. Additionally, the electric signal propa- 
gating through the first signal line 316 is 180° out of 
phase with the electric signal propagating through the 
second signal line 317. With this arrangement, the po- 
larity of the electrode fingers of the central second IDT 
can be the same as the polarities of the electrode fingers 
of the first and third IDTs adjacent to the second IDT. 
Both of the amplitude balance and the phase balance 
are also greatly improved. 

[0058] Also, in the case where narrow pitch electrode 



fingers are used at the portion where two IDTs are ad- 
jacent to each other in the structure shown in Fig. 11, 
with respect to the second preferred embodiment, as 
shown in Fig. 10, characteristics which indicate im- 
5 proved balance can be obtained. 

[0059] Fig. 12 shows a schematic plan view for illus- 
trating a modified example of the second preferred em- 
bodiment of the present invention. This modified exam- 
ple is differentiated from the second preferred embodi- 

10 ment in that, in the arrangement shown in Fig. 11, the 
first and second surface acoustic wave filters 301 and 
302 are symmetrical with respect to the axis Z in Fig. 
12. However, in the modified example shown in Fig. 12, 
the surface acoustic wave filters 301 and 302 are rota- 

ts tionally symmetrical with respect to the point Y in the 
figure, that is, the center of the entire electrode structure 
including the surface acoustic wave filters 301 and 302. 
[0060] Fig. 16 shows a schematic plan view for illus- 
trating another example of the second preferred embod- 

20 imentof the present invention. In this modified example, 
first and second longitudinally coupled resonator type 
surface acoustic wave filters 301 and 321 are longitudi- 
nally connected to each other. Unlike the second pre- 
ferred embodiment, in the second-stage longitudinally 

25 coupled resonator type surface acoustic wave filter 321 , 
the central second IDT 322 is preferably split into two 
parts. The remaining parts are preferably substantially 
the same as those in the second preferred embodiment. 
Thus, the same reference numerals as those used in 

30 the second embodiment are given to the same parts in 
the modified example, and the explanation thereof will 
be omitted. 

[0061] The second IDT 322 has an interdigital elec- 
trode 322a, and two interdigital electrodes 322b and 

35 322c arranged such that the electrode fingers of the in- 
terdigital electrode 322a are interdigrtated with the elec- 
trode fingers of the interdigital electrodes 322b and 
322c. In other words, one of a pair of the interdigital elec- 
trodes defining the second IDT 322 is split into the two 

40 interdigital electrodes 322b and 322c, which are con- 
nected to balanced signal terminals 31 4 and 31 5. In this 
case, in the first-stage longitudinally coupled resonator 
type surface acoustic wave filter 301, the IDT 303 is 
1 80° out of phase with the IDT 305. In the second-stage 

45 longitudinally coupled resonator type surface acoustic 
wave filter 321 , the first IDT 308 is 180° out of phase 
with the second IDT 310. With this arrangement, an 
electric signal propagating through a signal line 316 is 
1 80° out of phase with an electric signal propagating 

so through a signal line 31 7. Thus, the polarities of the elec- 
trode fingers of the IDT 308 and the IDT 310 adjacent 
to the IDT 322 are the same. As a result, the amplitude 
. and phase balances in this filter are greatly improved as 
with the second preferred embodiment of the present 

55 invention. 

[0062] Fig. 17 shows a schematic plan view for illus- 
trating the electrode structure of a longitudinally coupled 
resonator type surface acoustic wave filter according to 
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a third preferred embodiment of the present invention. 
[0063] A longitudinally coupled resonator type sur- 
face acoustic wave filter 600 of the third preferred em- 
bodiment preferably has the same structure as that of 
the second preferred embodiment, except for the follow- 
ing points. 

[0064] In this preferred embodiment, in first-stage and 
second-stage longitudinally coupled resonator type sur- 
face acoustic wave filters 601 and 602, the numbers of 
the electrode fingers of first, second and third IDTs are 
determined, in which the number of the electrode fingers 
of each of the first IDTs 603 and 608 is preferably 24, 
the number of the electrode fingers of each of the sec- 
ond IDTs 604 and 609 is preferably 35, and the number 
of the electrode fingers of each of the third IDTs 605 and 
61 0 is preferably 24. 

[0065] In the third preferred embodiment character- 
istically, the polarity of an electrode finger 603a of the 
first IDT 603 adjacent to the IDT 604 is opposite to the 
polarity of an electrode finger 605a of the third IDT 605 
adjacent to the IDT 604. In addition, the polarity of an 
electrode finger 608a of the first IDT 608 adjacent to the 
IDT 609 is opposite to an electrode finger 610a of the 
third IDT 610 adjacent to the iDT 609. 
[0066] When considering only the first-stage longitu- 
dinally coupled resonator type surface acoustic wave fil- 
ter 601 , each of the IDTs 603 and 605 is 1 80° out of 
phase with the IDT 604. Thus, it is impossible to obtain 
filter characteristics only by the single-stage filter struc- 
ture in which the IDTs 603 and 605 are connected in 
parallel to each other. However, simultaneously, in the 
second-stage longitudinally coupled resonator type sur- 
face acoustic wave filter 602, each of the IDTs 608 and 
61 0 is 1 80° out of phase with the IDT 609. As a result, 
since surface acoustic waves propagating from the IDTs 
608 and 61 0 to the IDT 609 are in phase with each other, 
when the first-stage filter and the second-stage filter are 
connected, filter characteristics can be obtained. 
[0067] A terminal 615 is an unbalanced signal termi- 
nal and terminals 61 6 and 61 7 are balanced signal ter- 
minals. 

[0068] In Fig. 18, a solid line shows the relationship 
between amplitude balance and frequency characteris- 
tics of the longitudinally coupled resonator type surface 
acoustic wave filter of the third preferred embodiment. 
In Fig. 19, a solid line shows the relationship between 
phase balance and frequency characteristics of this sur- 
face acoustic wave filter. For comparison, broken lines 
show the result for the conventional filter shown in Fig. 
15. 

[0069] As found in Fig. 18, the maximum amplitude 
balance in a pass band in the AMPS reception filter is 
1.9 dB in the. conventional filter, whereas it is about 1.2 
dB in the third preferred embodiment of the present in- 
vention. Thus, the amplitude balance is improved by 
about 0.7 dB. Additionally, as shown in Fig. 19, whereas 
the maximum phase balance is 17° in the conventional 
filter, it is about 11° in the third preferred embodiment. 



Thus, the phase balance is improved by about 6° in the 
third preferred embodiment. ? 
[0070] In other words, in the third preferred embodi r 
ment, the first-stage and second-stage longitudinally 

5 coupled resonator type surface acoustic wave filters 
having three IDTs are longitudinally connected to each 
other. In addition, the polarities of the electrode fingers 
of the first and third IDTs adjacent to the central second 
IDT are opposite to each other. With this arrangement, 

10 the amplitude balance and the phase balance are great- 
ly improved. 

[0071] Fig. 20 shows a schematic plan view for illus- 
trating the electrode structure of the longitudinally cou- 
pled resonator type surface acoustic wave filter accord- 

15 ing to a fourth preferred embodiment of the present in- 
vention. The fourth preferred embodiment uses 3-IDT- 
type longitudinally coupled resonator type surface 
acoustic wave filters 901 , 902, 903 and 904 each having 
first, second and third IDTs. In each of the longitudinally 

20 coupled resonator type surface acoustic wave filters 
901 , 902, 903 and 904, the central (second) IDT has an 
even number of electrode fingers, and the polarities of 
the electrode fingers of the right and left IDTs adjacent 
to the central (second) IDT are the same. For example, 

25 in the longitudinally coupled resonator type surface 
acoustic wave filter 901 , the electrode finger 907a of the 
first IDT 907 and the electrode finger 909a of the third 
IDT 909 adjacent to the second IDT 908 have the same 
polarity. 

30 [0072] Although the longitudinally coupled resonator 
type surface acoustic wave filters 901 , 902, 903 and 904 
preferably have the same structure, only the longitudi- 
nally coupled resonator type surf ace acoustic wave filter 
902 has the second IDT 910 reversed (that is, the sec- 

35 ond IDT 91 0 is arranged on the substrate in the opposite 
direction compared to the second IDTs of the other fil- 
ters). 

[0073] The reference numeral 911 denotes an unbal- 
anced signal terminal and the reference numerals 912 

40 and 91 3 denote balanced signal terminals. 

[0074] In each of the first, second, third and fourth lon- 
gitudinally coupled resonator type surface acoustic 
wave filters 901 , 902, 903 and 904, the first IDT is 1 80° 
out of phase with the third IDT. For example, in the lon- 

45 gitudinally coupled resonator type surface acoustic 
wave filter 901 , the first IDT 907 is 180° out of phase 
with the third IDT 909. 

[0075] In the fourth preferred embodiment, similar to 
the first, second and third preferred embodiments, the 
50 amplitude balance and the phase balance in the filter 
are greatly improved. Moreover, in the fourth preferred 
embodiment, output impedance substantially quadru- 
ples. 

[0076] Figs. 21 shows a schematic plan view for illus- 
55 trating a communications apparatus 60 incorporating 
the longitudinally coupled resonator type surface acous- 
tic wave filter according to any of the other preferred em- 
bodiments of the present invention. 
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[0077] In Fig. 21 , an antenna 61 is connected to a du- 
plexer 62. A surface acoustic wave filter 64 and an am- 
plifier 65 are connected between the'duplexer 62 and a 
mixer 63 of the reception section. An amplifier 67 and a 
surface acoustic wave filter 68 are connected between 
the duplexer 62 and a mixer 66 of the transmission sec- 
tion. As shown here, when the amplifier 65 is adapted 
to a balanced signal, the longitudinally coupled resona- 
tor type surface acoustic wave filter of various preferred 
embodiments of the present invention can be suitably 
used as the surface acoustic wave filter 64. 
[0078] As described above, in the longitudinally cou- 
pled resonator type surface acoustic wave filter accord- 
ing to various preferred embodiments of the present in- 
vention, the central (second) IDT preferably has an even 
number of electrode fingers. In addition, the polarities 
of electrode fingers adjacent to the second IDT in the 
first and third IDTs disposed on the right-and-left sides 
of the second IDT are opposite. Thus, the amplitude bal- 
ance and the phase balance between the balanced sig- 
nal terminals are greatly effectively improved. As a re- 
sult, preferred embodiments of the present invention 
provide a surface acoustic wave filter having an excel- 
lent balance-unbalance conversion function. 
[0079] Furthermore, in the longitudinally coupled res- 
onator type surface acoustic wave filter according to oth- 
er preferred embodiments of the present invention, first- 
stage and second-stage longitudinally coupled resona- 
tor type surface acoustic wave filters each having first, 
second and third IDTs are longitudinally connected to 
each other. One end of the second IDT of the first-stage 
longitudinally coupled resonator type surface acoustic 
wave filter is connected to an unbalanced signal termi- 
nal. Additionally, both ends of the second IDT of the sec- 
ond-stage longitudinally coupled resonator type surface 
acoustic wave fitter are connected to a pair of balanced 
signal terminals. In this arrangement, an electric signal 
propagating through a first signal line connecting one 
end of the first IDT of the first-stage longitudinally cou- 
pled resonatortype surface acoustic wave filter and one 
end of the first IDT of the second-stage longitudinally 
coupled resonator type surface acoustic wave filter is 
180° out of phase with an electric signal propagating 
through a second signal line connecting one end of the 
third IDT of the first-stage longitudinally coupled reso- 
nator type surface acoustic wave filter and one end of 
the third IDT of the second-stage longitudinally coupled 
resonator type surface acoustic wave filter. As a result, 
the polarity of the electrode finger of the second IDT ad- 
jacent to each of the first and third IDTs can be the same 
as the polarity of the electrode finger of each of the first 
and third IDTs adjacentto the second IDT Thus : the am- 
plitude balance and the phase balance in the filter are 
effectively improved. 

[0080] According to this preferred embodiment of the 
present invention, in at least one of the first-stage and 
second-stage longitudinally coupled resonatortype sur- 
face acoustic wave filters, when the second IDT has an 



even number of electrode fingers, the amplitude bal- 
ance and the phase balance are improved even more. 
[0081] In * various preferred embodiments of the 
present invention, the longitudinally coupled resonator 

5 type surface acoustic wave filter has the above-de- 
scribed balance-unbalance conversion function and the 
balance between the pair of balanced signal terminals 
is greatly improved. Accordingly, when producing a 
communications apparatus incorporating the longitudi- 

10 nally coupled resonator type surface acoustic wave fil- 
ter, the characteristics of the communications apparatus 
can be greatly improved while reducing the size of the 
apparatus. 

[0082] While the present invention has been de- 
15 scribed with reference to what are at present considered 
to be preferred embodiments, it is to be understood that 
various changes and modifications may be made there- 
to without departing from the invention in its broader as- 
pects and therefore, it is intended that all such changes 
20 and modifications fall within the scope of the invention 
as defined in the appended claims. 



Claims 

25 

1. A longitudinally coupled resonator type surface 
acoustic wave filter (200) having a balance-unbal- 
ance conversion function, the filter comprising: 

30 a piezoelectric substrate (200A); and 

first, second and third IDTs (201-203) arranged 
on the piezoelectric substrate in a surface 
acoustic wave propagating direction, the sec- 
ond IDT (202) being located between the first 

35 and third IDTS (201,203) and having an even 

number of electrode fingers. 

2. A longitudinally coupled resonator type surface 
acoustic wave filter (200) according to claim 1, 

40 wherein the piezoelectric substrate (200A) is made 
of one of LiTa0 3 and LiNb0 3 . 

3. A longitudinally coupled resonator type surface 
acoustic wave filter (200) according to claim 1 or 2, 

45 further comprising reflectors (204,205) arranged in 
the surface wave propagating direction at the right 
and left, respectively, of the region where the first, 
second and third IDTs (201-203) are arranged. 

50 4. A longitudinally coupled resonator type surface 
acoustic wave filter (200) according to claim 1 , 2 or 
3,wherein the widths of the electrode fingers 
(206,207) at each end of the second IDT (202) are 
larger than those of the remaining electrode fingers. 

55 

5. A longitudinally coupled resonator type surface 
acoustic wave filter (200) according to claim 1 , 2, 3 
or 4, wherein the electrode fingers (201 a,203a) ad- 
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jacentto the second IDT (202) have opposite polar- 
ities. 

6. A longitudinally coupled resonator type surface 
acoustic wave filter (200) according to any one of 5 
claims 1 to 5, further comprising a surface acoustic 
wave resonator (216) connected between the first 
and third IDTs (201 ,203) and a terminal (212). 

7. A longitudinally coupled resonator type surface 10 
acoustic wave filter (220) according to claim 1 , 2 or 

3, wherein each of the first, second and third IDTs 
(221 -223) include narrow pitch electrode finger sec- 
tions (N1-N4) that are relatively narrower than oth- 
ers of the electrode finger sections included in the is 
first, second and third IDTs. 

8. A communications apparatus comprising the longi- 
tudinally coupled resonator type surface acoustic 
wave filter according to any one of Claims 1 to 7. 20 

9. A longitudinally coupled resonator type surface 
acoustic wave filter (300) having a balance-unbal- 
ance conversion function, the filter comprising: 

25 

first-stage (301) and second-stage (302) longi- 
tudinally coupled resonatortype surface acous- 
tic wave filters longitudinally coupled to each 
other, each of the first-stage longitudinally cou- 
pled resonator type surface acoustic wave filter 30 

(301) and the second-stage longitudinally cou- 
pled resonatortype surface acoustic wave fitter 

(302) including a piezoelectric substrate and 
first, second and third IDTs (303-305;308-310) 
arranged on the piezoelectric substrate in asur- 35 
face acoustic wave propagating direction; 

an unbalanced signal terminal (313) connected 
to one end of the second IDT (304) of the first- 
stage longitudinally coupled resonatortype sur- 
face acoustic wave filter (301); *° 
a first balanced signal terminal (314) connected 
to one end of the second IDT (309) of the sec- 
ond-stage longitudinally coupled resonator 
type surface acoustic wave filter (302); 
a second balanced signal terminal (315) con- 45 
nected to the other end of the second IDT (309) 
of the second-stage longitudinally coupled res- 
onatortype surface acoustic wave filter (302); 
a first signal line (316) connecting one end of 
the first IDT (303) of the first-stage longitudinal- 50 
ly coupled resonator type surface acoustic 
wave filter (301) and one end of the first IDT 
(308) of the second-stage longitudinally cou- 
pled resonatortype surface acoustic wave filter 
(302); and 55 
a second signal line (317) connecting one end 
of the third IDT (305) of the first-stage longitu- 
dinally coupled resonator type surface acoustic 



wave filter (301) and one end of the third IDT 
(310) of the second-stage longitudinally cou- 
pled resonatortype surface acoustic wave filter 
(302); 

wherein an electric signal propagating 
through the first signal line (316) is 180° out of 
phase with an electric signal propagating through 
the second signal line (31 7). 

10. A longitudinally coupled resonator type surface 
acoustic wave filter (300) according to Claim 9, 
wherein the second IDT (304;309) of at least one of 
the first-stage longitudinally coupled resonatortype 
surface acoustic wave filter (301) and the second- 
stage longitudinally coupled resonator type surface 
acoustic wave filter (302) has an even number of 
electrode fingers. 

11. A longitudinally coupled resonator type surface 
acoustic wave filter (300) according to claim 9 or 1 0, 
wherein the piezoelectric substrate of each of the 
first-stage and second-stage longitudinally coupled 
resonator type surface acoustic wave filters 
(301 ,302) is made of one of LiTa0 3 and LiNb0 3 . 

12. A longitudinally coupled resonator type surface 
acoustic wave filter (300) according to claim 9, 10 
or 1 1 , wherein each of first-stage and second-stage 
longitudinally coupled resonator type surface 
acoustic wave filters (301 ,302) further comprises 
reflectors (306,307;311 ,312) arranged in the sur- 
face wave propagating direction at the right and left, 
respectively, of the region where the first, second 
and third IDTs (303-305;308-310) are arranged. 

13. A longitudinally coupled resonator type surface 
acoustic wave filter (300) according to claim 9, 10, 

11 or 12, wherein in each of the first-stage and sec- 
ond-stage longitudinally coupled resonator type 
surface acoustic wave filters (301 ,302), widths of 
the electrode fingers (304a/b;309a/b) on each side 
of the second IDT (304;309) are larger than those 
of the remaining electrode fingers. 

14. A longitudinally coupled resonator type surface 
acoustic wave filter (600) according to claim 9, 11, 

12 or 13, wherein in each of the first-stage and sec- 
ond-stage longitudinally coupled resonator type 
surface acoustic wave filters (601,602), the elec- 
trode fingers (603a,605a;608a f 61 0a) adjacent to 
the second IDT (604;609) have opposite polarities, 

15. A longitudinally coupled resonator type surface 
acoustic wave filter according to any one of claims 
9 to 14, wherein each of the first-stage and second- 
stage longitudinally coupled resonatortype surface 
acoustic wave filters further comprises a surface 
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acoustic wave resonator connected between the 
first and third IDTs and a terminal. 

16. A longitudinally coupled resonator type surface 
acoustic wave filter according to any one of claims 5 
9 to 15, wherein in each of the first-stage and sec- 
ond-stage longitudinally coupled resonator type 
surface acoustic wave filters, each of the first, sec- 
ond and third IDTs include narrow pitch electrode 
finger sections that are relatively narrower than oth- 10 
ers of the electrode finger sections included in the 
first, second and third IDTs. 

17. A longitudinally coupled resonator type surface 
acoustic wave filter according to any one of claims 15 
9 to 16, wherein the first-stage and second-stage 
longitudinally coupled resonator type surface 
acoustic wave filters have the same structure. 

18. A longitudinally coupled resonator type surface 20 
acoustic wave filter (300) according to any one of 
claims 9 to 13, wherein in each of the first-stage and 
second-stage longitudinally coupled resonator type 
surface acoustic wave fitters (301 ,302), the finger 
electrodes (303a,305a;308a,310a) of the first and 25 
third IDTs that are adjacent to the second IDT (304; 
309) are arranged to define ground electrodes. 

19. A longitudinally coupled resonator type surface 
acoustic wave filter (300) according to any one of 30 
claims 9 to 13, wherein in each of the first-stage and 
second-stage longitudinally coupled resonator type 
surface acoustic wave filters (301 ,302), the polarity 

of the outermost electrode fingers (304a/b;309a/b) 
of the second IDT is the same as the polarities of 35 
the electrode fingers (303a,305a;308a,31 0a) of the 
first and third IDTs adjacent to the second IDT 

20. A longitudinally coupled resonator type surface 
acoustic wave filter according to any one of claims 40 
9 to 1 9, wherein the first-stage and second-stage 
longitudinally coupled resonator type surface 
acoustic wave filters are symmetrical to each other. 

21. A longitudinally coupled resonator type surface 45 
acoustic wave filter according to any one of claims 

9 to 20, wherein in each of the first-stage and sec- 
ond-stage longitudinally coupled resonator type 
surface acoustic wave filters, the second IDT (321 ) 
is split into two parts. so 

22. A communications apparatus comprising the longi- 
tudinally coupled resonator type surface acoustic 
wave filter according to any one of Claims 9 to 21 . 

55 
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